By means of a non-ionic detergent method of cell fractionation we h~ve attempted to follow the development of influenza A-NWS-induced nucleic acid synthesis in the nucleus and cytoplasm of 1-5c-4 cells. The two cell fractions obtained at various intervals during the infectious cycle were anMyzed for the amount of acid precipitable, radioactively labelled nucleic acid, present in both infected and control cell cultures.
Materials
Cells. Clone 1-5c-4 of Chang's conjunctival cell, kindly provided by Dr. E. D. KILBOUnNE, WaS propagated and grown according to the method of SUG~UnA and KILBOUn~E (1965) . The cells were seeded at a density of 5 • 105 cells per ml of culture fluid. For biochemicM analysis 10 ml of cell suspension were added per 8 ounce flint glass prescription bottle. Plastic Petri dishes, 60 • 15 mm (Falcon Plastics) were seeded with 5 ml of cell suspension. The cells were incubated at 36~ in a humidified atmosphere of 5% CO 2. Complete monolayers were formed in 4 to 6 days after seeding.
Virus. Influenza A-NWS (STuART-HARRIS, 1939) adapted to 1-5c-4 ceils was obtained from Dr. E. D. KIL~OVnNE. The virus was grown allantoically in 10 to 11 day old embryonated eggs, harvested after 48 hours, and stored at --80~ until use.
Chemicals. 3tt-Uridine; 20c/m mole and aH-Thymidine; 13c/m mole were purchased from Schwartz Bio Research, Inc., Orangeburg, ~New York. Actinomycin D was a gift of MERCK SHARP and DOEME Research Laboratories.
Diluent and maintenance medium. Eagle's basal medium containing twice the contribution of amino acids and vitamins with 0.1% bovine serum albumin fraction V was used as a diluent for virus and maintenance medium. In the biochemical studies actinomycin D was added at a concentration of 0.01 ?g/ml.
Plaque assay. 1-5c-4 cells were used as soon as possible after the formation of a confluent cell sheet. Growth medium was removed by aspiration, and the monolayer, washed twice with Hanks' :BSS (HAN~:S and W).LL~c~, 1949) containing 0.1 ~o bovine serum albumin fraction V, was inoculated with 0.5 m] of the appropriate virus dilution in maintenance medium. The virus was allowed to adsorb for one hour at 37~ with intermittent agitation in a humidified atmosphere of 5% CO 2. After adsorption the cultures were overlayed and stained using the method of SuGIVl~A and KILBOUR~E (1965).
Titration o] virus in eggs.
Titrations of virus infectivity were made using either [og~0 or 0.5 log10 dilutions of virus in broth. Embryonated 10 to 11 day old eggs were inoculated allantoieally with 0.2 ml of virus dilution using 4 eggs per dilution.
Hemagglutination titration. Serial two-fold dilutions of 0.25 ml of virus in 0.25 ml of phosphate buffered saline were prepared in a "Perspex" hemagglutination plate (FAzEI~AS I)~ S~ GROTE and GI~AHAM, 1954, 1955) . The end points were read 60 minutes after the addition of 0.5 ml of 0.5% chicken erythrocytes.
Growth curve studies. Monolayers of 1-5c-4 cells (2 to 2.5 • 106 cells) were infected at a multiplicity of 10 plaque forming units per cell. The virus was adsorbed for 60 minutes with intermittent agitation at 37~ in a humidified atmosphere of 5% CO~. After adsorption the cell sheet was washed twice with warm maintenance medium and overlayed with 5 ml of maintenance medium and incubated under the conditions cited above.
Samples were taken at appropriate intervals and stored frozen at --80 ~ C. Each sample was then thawed and cleared of cellular debris by low speed centrifugation prier to assaying for hemagglutinating activity and infectivity.
Cell fractionation. 1-5c-4 cells were fractionated using a modification of the non-ionic detergent procedure developed by FISltE~ et al. (1966) . Hanks' BSS was substituted for Puck's saline "F" with no apparent difference in the efficiency of fractionation.
Biochemical studies. Cell Determination o/radioactivity. 1 ml of sample was added to 9 ml of dioxanebased scintillation fluid (BuTIml% 1961) and counted in an Ansitron liquid scintillation counter (ANS, Inc.). The results of the biochemical determinations were then expressed as specific activity, counts per minute per microgram of nucleic acid.
ltesalts .Fractionation o/1-5c-4 Cells
The fraetionation of 1-5 e-4 cells and isolation of nuclei by stirring in the presence of low concentrations of Tween 80 gave results comparable to those described previously (FIsHEI~ and HAI~RIS, 1962 a, b; and FISHER et al., 1966). Fig. 1 shows the appearance of whole cells before fractionation and the condition of the isolated nuclei after fractionation. The efficiency of the procedure was determined microscopically and the percentage of nuclei free of contaminating cytoplasmic material ranged from 93 to 96%, with a spin time of 4--5 minutes. The recovery of intact nuclei based on whole cell counts prior to fraetionation was usually 92 to 94%.
The contamination of the nuclear pellet with cytoplasmic contents was also determined to be negligible using the presence of glucose-6-phosphate dehydrogenase as a criterion. The presence of whole cells, nuclei and nuclear debris in the cytoplasmic fractions was determined by following the distribution of ~H-thymidine labelled acid insoluble material between the nuclear pellet and the cytoplasmic extract. The specific activity (counts per minute per microgram of I)NA) of labelled acid insoluble material found in the cytoplasmic fractions varied from 3 to 6yo of that found in the nuclear pellet.
Single Step Growth Curve
A single cycle of influenza A-NWS growth was produced by infecting 1-5c-4 cell monolayers with 10--20 plaque forming units of virus per cell. The virus was allowed to adsorb, with intermittent agitation, at 37~ for 1 hour. The inoculum was then removed by aspiration and Fig. 1 . Microscopic a p p e a r a n c e of ceils before nuclear isolation a n d nuclei after isolation procedure. a) 1-5e-4 cells prior to f r a c t i o n a t i o n w i t h T w e e n 80. • 1200. b) A p p e a r a n c e of nuclei after f r a c t i o n a t i o n w i t h Tween 80.
• 1200.
the cell sheet washed twice with maintenance medium (without actinomycin D), overlayed with 5 ml of liquid maintenance medium and incubated at 37~ in a humidified atmosphere at 5~o CO2. Samples were removed at appropriate intervals and frozen at --80~
The samples were thawed, cleared of cellular debris by low speed centrifugation and titrated for infectivity and hemagglutinating activities.
The results are shown in Fig. 2 . The first detectable increase in infectious virus was noted at 4--5 hours after infection. The logarithmic increase phase was found to occur approximately 5--10 hours after inoculation. Hemagglutinating activity appeared to parallel the logarithmic rise in virus titer and both exhibited a plateau at approximately 132 W.C. BELL and H. F. MAASSAB: 14--16 hours after infection. These results are similar in nature to those presented by SVGIURA and KILBOVR~E (1965), but differ somewhat in that the appearance of virus and the peak of virus production occurred earlier.
Rate o~ Incorporation o/ 3H-Uridine into Nuclear and Cytoplasmic Fractions
The temporal sequence of the development of influenza induced incorporation of aH-uridine into acid-insoluble RNA was followed by observing the rate of uptake of label into both nuclear and cytoplasmic fractions 
Rate o/ Incorporation o/ ~H-Thymidine into Nuclei o/Influenza A-NWS In/eeted Cells
There has been considerable controversy as to the precise role, if any, of the host cell genome in the development of influenza virus. It was decided to observe the effects of influenza virus upon the rate of 3H-thymidine uptake in the nuclei of infected cells. Infected and control cells were pulsed with ~H-thymidine 1 hour prior to removal for nuclear extraction and analysis. The results are shown in Fig. 4 . There was a profund depression in the rate of incorporation of label during the interval 1--2 hours after infection. The significance of this depression is not known at this time. The rate of incorporation then increases and is slightly above the control value 3 to 5 hours after infection and then rapidly declines to a value of about 35% of the control at 8 hours after infection.
A similar pattern of 3H-thymidine incorporation was found in SV5 infected primary monkey kidney cells. However, the initial depression was not as extensive (HoL~ES and CEoPPI~, 1966) .
Discussion
The adaptation of a non-ionic detergent method of cell fractionation to virus infected cells (FISHER et al., ] 966) has permitted, in essence, a dissection of the development of influenza-induced I~NA in a continuous line of mammalian cells.
The early rise in the rate of 3tt-uridine incorporation in the nuclear fractions into acid-insoluble RNA suggests that the replication of viral RNA begins soon after the initiation of infection. The peak of labelled RNA seen 2 hours after infection suggests that a pool of replicating virusinduced RNA occurs by this time in the infectious cycle. Observations made on other systems infected with influenza virus i.e., the shift in oligonucleotide pattern from host to viral type RNA in fowl plague infected chick embryo fibroblast nuclei (ScHoLTISSV, K and RoT% 1961b) and the demonstration of the replicative form of influenza virus 0.5 to 1 hour after WSN infection of chick embryo fibroblasts (Po~s, 1967b) correlate well with our findings.
The presence of a significant amount of labelled acid-insoluble RNA in the cytoplasmic fractions as early as 1.5 hours after infection may indicate that this R1NA is responsible for initiating synthesis of functional viral proteins, such as the neuraminidase or hemagglutinin.
The significance of the profound inhibition of the rate of 3H-thymidine uptake by the nuclear fractions from infected cells is still not understood. This depression may result from a physiological alteration of the cells due to the manipulations or perhaps be due to a specific viral function. The relatively rapid return of 3H-thymidine uptake to levels above the controls, however, is not construed to be the formation of a new species of DNA coded for by the virus. The evidence for this interpretation is now rather conclusive (ROT% SA~v.R, and SCgOLTISSEX, 1965; ~TAYAK and RAS~T:SSE_~, 1966; BELL and ~/[AASSAB, 1968), but host cell genome function cannot be ruled out as a necessary condition (BoR-LAND and M~u 1968). The decline in 3H-thymidine incorporation after 5 hours of infection may reflect the effects of a generalized cellular derangement due to the infectious process.
Investigations are continuing into the nature of the RNA produced in the nuclei early in the infectious process and its transport to the cytoplasm. Summary A non-ionic detergent method of cell fractionation was used to follow the time course of tritiated uridine incorporation into influenza A-I~WS virus-induced RNA in a continuous mammalian cell line. The maximum incorporation of tritiated uridine into acid-insoluble RNA of nuclear fractions occurred at 2 to 2.5 hours post infection. A maximum of labelled acid-insoluble ENA of the cytoplasmic fractions was found at 3 to 4 hours post infection which coincided with active synthesis of infectious virus. The effect of influenza A-NWS infection on the rate of tritiated thymidine incorporation into acid-insoluble DNA was found to be an initial depression i to 2 hours post infection followed by recovery to near normal values, then a gradual decline until at 8 hours post infection it was approximately 60% of that shown by the control cell cultures.
